ABSTRACT The L-arabinose operon in Escherichia coli is a model system for the study of the control of gene expression. Maximal expression of the araBAD operon requires two positive control components: the araC protein-L-arabinose complex and the cyclic AMP receptor protein-cyclic AMP complex. Both araC protein and cyclic AMP receptor protein are required for the initiation of transcription of araBAD mRNA. We have used the plasmid pBR322 as a vector for cloning DNA fragments that contain the araBAD promoter. The cloned ara fragments were identified by both physical and genetic tests. A restriction map was constructed and the DNA sequence of the promoter was determined. The promoter contains a site that is similar to the RNA polymerase recognition sites in the galactose and lactose operons. It also contains a region similar to the known cyclic AMP receptor protein binding sites in the galactose and lactose operons.
The L-arabinose operon in Escherichia coli is composed of three structural genes, araB, araA, and araD, that are involved in the initial steps of L-arabinose catabolism. The controlling elements of the operon are adjacent to araB. The operon is inducible and controlled by the araC gene which is closely linked to the operon but transcribed in the opposite direction (1) . The araBAD and araC promoters are 150-170 base pairs apart (2) (unpublished data).
The product of the regulatory gene araC is a protein that, in the absence of L-arabinose, interacts with an operator site (araO) to decrease operon expression to '/3oth-1/20th. In the presence of L-arabinose, araC protein is removed from araO and is converted into an activator that interacts at aral to allow maximal expression of the operon (1) .
The araBAD promoter is defined on one side by deletions (e.g., araA719) and on the other side by the araB gene. The araA719 deletion removes araO functionally but has no apparent effect on the promoter site (3, 4) . Within the araBAD promoter there are potentially three distinct sites at which proteins may interact: these are sites for RNA polymerase, araC protein, and cyclic AMP receptor protein (CRP), respectively (1) . The araI site has been defined genetically by a class of cis-dominant, trans-recessive mutations isolated as "revertants" of araC deletion strains and is the region where araC activator interacts (5, 6) . The CRP site is inferred from the sensitivity of the operon to catabolite repression (7) and may be more precisely defined by mutations in the promoter that make the operon less sensitive to catabolite repression (8) . Mutations in the RNA polymerase interaction site could be difficult to distinguish genetically from mutations in the araC activator site or in the CRP binding site. However, there is a class of mutations that produce very low levels of araBAD expression and are candidates for mutants in the RNA polymerase recognition site (9) .
In this paper we describe the determination of the DNA sequence of the araBAD promoter. The promoter has some similarities to the lactose and galactose promoters, and the RNA polymerase recognition site is similar in some respects to other bacterial and phage promoters. The sequence suggests that there are separable regions involved in the interactions with RNA polymerase, CRP, and araC activator protein.
MATERIALS AND METHODS
Phage and Bacterial Strains. The Xh8Odara transducing phages have been described (10) . The following strains, all derivatives of E. coli K-12 strain RR1 (11) containing the ara region from E. coli B/r, were used as recipients for the transformations: LA1, F+/Filac gal leu pro thi hsdR hsdM; LA3, F+/F-araA719 lac gal pro thi hsdR hsdM; LA4, F+/ F-araA735 lac gal pro thi hsdR hsdM; LAS, F+/F-araA744 lac gal pro thi hsdR hsdM; LA6, F+/F-araA766 lac gal pro thi hsdR hsdM; and LA7, F+/F-araB24 lac gal pro thi hsdR hsdM. The plasmid pBR322 has been described (11) .
Preparation of DNA. Bacteriophage DNA was prepared as described by Wilcox et al. (12) . Plasmid DNA was isolated as described by Clewell and Helinski (13) after chloramphenicol amplification (14) .
Enzymes contained X DNA standards digested separately with EcoRI and HindIII and then mixed. All other lanes contained DNA digested with Pst I. Lanes: 2, Xh8Odara; 3, pBR322-ara; 4, Xh8Odara+A718; 5, pBR322-araz718; 6, Ah80daraA719; 7, pBR322-araA719; 8, Xh8OdaraA735; 9, pBR322-araA735; 10 overnight. An additional 10 ml of TYE was added to the overnight cultures. After 1 hr, 2 mg of chloramphenicol was added and, after [10] [11] [12] [13] [14] [15] [16] hr of further incubation, the cells were centrifuged at 8000 rpm for 7 min in a Sorvall SS-34 rotor at 4°. The pellets were resuspended in 0.6 ml of 50 mM Tris-HCl, pH 8.0/25% (wt/vol) sucrose and kept on ice. A spatula spot of lysozyme was added; after 15 (17) . The products of hydrolysis were separated by electrophoresis in a 0.15 X 20 X 40 cm slab gel of 20% acrylamide containing 7 M urea. All gels were pre-electrophoresed for at least 8 hr at 1000 V.
RESULTS
Pst I Restriction Analysis of Xh8Odara DNA. Each Ah8Odara DNA was digested with Pst I and electrophoresed on a 1 % agarose gel. The mobility of the third band ( Fig. 1) was greater in the DNA from the ara deletion phages (lanes 4, 6, 8, and 10) than in that from the ara + phage (lane 2), and no other fragments had an altered mobility. The difference between the molecular weight of the third band in the ara+ DNA and that of each ara deletion DNA corresponds exactly to the molecular weight of the deletions as determined by heteroduplex analysis. Therefore, the third band contains all of araB and araC, and the Pst I restriction sites in the Xh8Odara DNA must be to the left of araA766 and to the right of araA735. The precise location of the Pst I restriction sites is shown in Fig. 1 .
Cloning of Pst I Restriction Fragments. It is possible to select, by complementation, clones containing ara genes, because the Pst I restriction fragments of the different ara phages contain at least araC or araB or both. Because the Pst I fragments of ara+, ara A718, and ara A735 all contain an intact araC gene, they were cloned into strain LA6 which contains a deletion of the araC gene. For each Xh8Odara DNA, Ara+ colonies were observed on EMB/L-arabinose/tetracycline plates. All of the Ara+ clones tested had an ApsTcr phenotype. When plasmid DNA from these clones was restricted with Pst I and analyzed by gel electrophoresis, in every case it was found to contain the expected ara fragment and a band corresponding to pBR322 (Fig. 1, lanes 3, 5, and 9 ).
Because the Pst I fragments from araA719 and araA766 contain the araB gene and perhaps all of araA, they were cloned into strain LA4 containing an araAB deletion. However, no Ara+ colonies appeared on the EMB/L-arabinose/tetracycline plates, indicating that complementation had not occurred. Large and small Ara-colonies were observed. All of the small Ara-colonies tested were Ap'Tcr whereas only 25% of the large Ara-colonies were ApsTcr. This suggested that perhaps the small colonies contained ara genes. When plasmid DNAs from these small colonies were restricted with Pst I and analyzed by gel electrophoresis, they were found to have the DNA fragment containing ara genes (Fig. 1, lanes 7 and 11) .
Complementation Analysis. Each hybrid plasmid DNA was prepared and transformed into each of seven host strains. Transformants were selected on TYE/tetracycline plates. The complementation analysis (Table 1) ara A719, or ara A766 on the plasmid complements araB24 on the chromosome. This is consistent with the previous conclusion, based on (18) from this laboratory has identified the Bam I restriction endonuclease sites shown in Fig. 2 . There are two Bam I restriction sites within the Pst I sites identified in Fig. 1 Fig. 3 , and the DNA sequence of the araBAD promoter is shown in Fig. 4 Fig. 4 contains the entire araBAD promoter. This conclusion is based on the fact that araA719 leaves the promoterintact (4) and that the end point of this deletion is within 120 base pairs of the Bam I site (Fig. 2) . The Bam I restriction fragment containing araB and part of araA has been cloned but it is not able to complement araB mutants (20 Fig. 5 . There is some homology to the sequence TATPuATG near the start of the mRNA in ara, lac, and gal. This sequence has been noted for many bacterial and phage promoters (23) . There is also a sequence at -35, ACACTTTT, that is similar in the ara, gal, and lac promoters. The region at -35 has been suggested to be involved in RNA polymerase recognition (23) .
In Fig. 6 , a potential binding site for the cyclic AMP-CRP complex is shown. This sequence in ara is similar to the known CRP binding sites in lac and gal. We cannot be certain whether this is the only site for CRP binding in the ara region; other binding sites not as homologous to the sequences in Fig. 6 exist, for example at -95 to -110. However, if there is only one CRP binding site in ara, this would be interesting for two reasons. First, the araC promoter is stimulated 2 to 3fold by the cyclic AMP-CRP complex both in vivo (24) and in vitro (2) and therefore might share this site with the araBAD promoter. A single regulatory site shared by two promoters could explain the observation that transcriptions of araC and araBAD are interactive in vitro (2) . Second, if the proposed CRP site regulates araBAD, then it places the cyclic AMP-CRP complex at a much greater distance from the presumed RNA polymerase recognition region at -35 than in the lac and gal operons. (21) , gal (22) , and ara that are probably involved in the interaction with the CRP.
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